Previous reviews of simulation relating to critical thinking and effi cacy called for more research on the eff ects of simulation and safety. Safety, as a skill performance outcome of high-fi delity simulation, is reviewed. Data included studies of nursing education that linked safety dimensions with high-fi delity simulation at all student levels. Only primary sources published since 2007 were included. This integrative review evaluates data using scores to assign value to the evidence, analyzes data within categories defi ned as safety behaviors, and compares evidence using a matrix of factors and outcomes. Defi nitions of safety and measurement tools are critiqued. Findings reveal that simulationenhanced clinical experiences may decrease medication errors. Any evidence about perceived improvement in safer communication has not been translated into practice. Knowledge and attitudes of safety may be improved with simulation, depending on the students' educational levels. More comparative studies are needed to support theoretical models of simulation. P atient safety is integrally linked with quality, as many of the measures of quality are defi ned in terms of safe patient outcomes and practices that prevent harm. Simulation is believed to enhance students' attainment of skills and promote transference of those skills into safe clinical practice (Grady et al., 2008 ). Weaver's (2011) integrative review on high-fi delity simulation (HFS) in nursing education noted that the issue of patient safety was just beginning to be examined. Cant and Cooper (2010) encouraged research on outcomes measurement of actual student performance, noting that proxy measures, such as perceived confi dence and knowledge, may not be a valid indicator of performance skills. A seminal work by Durham and Alden (2008) reported on the use of simulation in teaching patient safety in the area of medication errors, making the point that safe practice requires critical thinking for clinical decision making, communication, and teamwork. All of these variables have been studied in relation to simulation. My review will consider the effect of HFS only on safety outcomes and the instruments with which to measure them. High-fi delity simulation is defi ned as those techniques of human simulation that are capable of realistic physiological responses to learner interventions (Durham & Alden, 2008) .
P atient safety is integrally linked with quality, as many of the measures of quality are defi ned in terms of safe patient outcomes and practices that prevent harm. Simulation is believed to enhance students' attainment of skills and promote transference of those skills into safe clinical practice (Grady et al., 2008 ). Weaver's (2011) integrative review on high-fi delity simulation (HFS) in nursing education noted that the issue of patient safety was just beginning to be examined. Cant and Cooper (2010) encouraged research on outcomes measurement of actual student performance, noting that proxy measures, such as perceived confi dence and knowledge, may not be a valid indicator of performance skills. A seminal work by Durham and Alden (2008) reported on the use of simulation in teaching patient safety in the area of medication errors, making the point that safe practice requires critical thinking for clinical decision making, communication, and teamwork. All of these variables have been studied in relation to simulation. My review will consider the effect of HFS only on safety outcomes and the instruments with which to measure them. High-fi delity simulation is defi ned as those techniques of human simulation that are capable of realistic physiological responses to learner interventions (Durham & Alden, 2008) .
PURPOSE OF REVIEW
Data were collected and analyzed for evidence of patient safety outcomes according to Whittemore's and Knafl 's (2005) method of reviewing literature that is not restricted to quantitative or randomized controlled studies. Because only one experimental study was found, their method was advantageous. The fi rst step of this method was to clearly identify a problem. Therefore, the purpose of this review was to evaluate existing evidence that nursing education using HFS improves patient safety outcomes, specifi cally skill performance, as infl uenced by simulation and design characteristics. Tools designed by nurse educators and researchers were reviewed, and theories guiding the research were identifi ed. Finally, current evidence about skill performance as patient safety outcomes with HFS learning experiences for nursing education was synthesized. Whittemore and Knafl (2005) recommended a comprehensive literature search that is iterative and specifi c. Therefore, the literature was fi rst searched in the Cumulative Index of Nursing and Allied Health Literature (CINAHL ® ) using safety and nursing education and simulation as keywords; 45 articles were retrieved. This search was then limited to English-language research articles specifi c to nursing education and patient safety; eight articles were retrieved. Many studies used confi dence or self-effi cacy as a measure. However, only those articles that specifi cally linked confi dence or effi cacy to safety were included in this review. The keywords patient safety and simulation were used in the Academic OneFile database search and resulted in 101 articles-18 were relevant to nursing and fi ve were from other peer-reviewed journals. Using the keywords high-fi delity simulation research further limited the return to 15 articles in academic journals. According to Whittemore and Knafl (2005) , sampling decisions must be justifi ed. Although Jeffries' (2005) model is applicable to all levels of simulation, this review included only studies that identifi ed use of HFS. Studies of HFS and safety published since 2007 were included, as research prior to 2007 had been previously reviewed (Harder, 2010; Kardong-Edgren, Adamson, & Fitzgerald, 2010; Lapkin, Levett-Jones, Bellchambers, & Fernandez, 2010; Leigh, 2008; Solnick & Weiss, 2007; Weaver, 2011) . Study populations included nursing students at various educational levels, as well as recently graduated nurses, because Jeffries' (2005) model identifi ed student characteristics as a variable. Integrative reviews may include empirical and theoretical literature (Broome, 2000) ; however, only primary sources of research from academic journals were reviewed. Evaluation studies were included only if statistics were reported. Qualitative studies were included. Non-HFS and outcomes of HFS unrelated to safety studies were excluded. Thus, two qualitative studies, 10 descriptive studies, 7 quasi-experimental, and 1 experimental study were included in the analysis.
METHOD

DATA EVALUATION AND ANALYSIS
The data evaluation method adapted easily to the literature, yielding diverse research designs of empirical and qualitative domains. Whittemore and Knafl (2005) advised developing quality criteria for scoring each source. Thus, after reviewing the literature, a chart was created to evaluate the fi ndings. The items assigned a score were based on the principles of research critique, including a hierarchal level of evidence based on design, a theoretical framework for identifying concepts and variables, a sample based on power analysis, instrumentation, and statistical rigor (Polit & Beck, 2010) . Scores for qualitative studies were based on criteria for naturalistic inquiry (Lincoln & Guba, 1985) . The determination of cumulative scores were based on 1 point given for descriptive surveys or one-group designs, 2 points for comparison groups or repeated measures, and 3 points for randomized groups. One point was given for theorybased research, and 2 points were given for simulation theory. Instrument interrater reliability and trustworthiness received 1 point, but 2 points were given if both reliability and validity were reported. Robustness of statistics for the design was given 1 point, sample adequacy for statistics was given 2 points, and studies with power analysis were given 3 points. This resulted in a total score as determined by the points assigned to each item. After data were scored, analysis was accomplished by ordering the fi ndings by scores into a matrix of outcomes for comparison of themes, relationships, patterns, or outliers. Scores in the matrix ranged from 2 to 7. All fi ndings are discussed as follows.
Defi nition and Measurement of Safety
Safety competencies have been defi ned by the Quality and Safety Education for Nurses (QSEN) (Cronenwett et al., 2007) as minimizing harm through both system and personal performance. Safety is infl uenced by personal behavior but also by principles of design that promote a culture of safety. System factors include architectural design, medication administration systems, and adequate staffi ng. Personal behaviors are infl uenced by human factors and competence. Qualitative designs contributed the idea of safe learning environments (Kaddoura, 2010) and using the voice of the instructor in the simulation environment that cued safe practice (Cordeau, 2010) . Most of the defi nitions used by the nurse educators in this review were measured as personal behavior, rather than system, factors (Table) . Data collection tools developed by researchers in this review included surveys, checklists, questionnaires, video observation, and a visual analogy scale. Safety was operationally defi ned as self-effi cacy and perceptions of abilities (Bambini, Washburn, & Perkins, 2009; Gordon & Buckley, 2009; Kameg, Clochesy, Mitchell, & Suresky, 2010) , knowledge, attitudes (Hauber, Cormier, & Whyte, 2010; Sullivan, Hirst, & Cronenwett, 2009) , and safety competencies observed as behaviors that demonstrated patient safety and nursing skills to avoid harm (Gantt & Webb-Corbett, 2010; Henneman et al., 2010; Herm, Scott, & Copley, 2007; Ironside, Jeffries, & Martin, 2009; Krautscheid, 2008; Radhakrishnan, Roche, & Cunningham, 2007; Sears, Goldsworthy, & Goodman, 2010; Todd, Manz, Hawkins, Parsons, & Hercinger, 2008) . Kardong-Edgren et al. (2010) reviewed simulation evaluation instruments and called for a moratorium on their development until studies of validity and reliability are done. Of the 29 instruments that were reviewed, overall reliability and validity values of at least 0.80 were reported by 13 studies, but no psychometrics were reported for 16 instruments. Leigh's (2008) review called for more exploration of the relationship of self-effi cacy and patient safety, yet self-effi cacy continues to be used as an outcomes measure. Kardong-Edgren et al. (2010) reported that self-assessment measures have not been correlated with reviewer's perceptions and that the least skilled practitioners were shown to be the most selfconfi dent. Construct validity should be considered in cases where self-effi cacy or confi dence is used as a proxy for safety. In addition, Gregory, Guse, Dick, and Russell (2007) proposed that systems factors contributing to errors should be considered.
Theories and Frameworks
Theoretical frameworks provide the concepts and variables for studying safety. Jeffries ' (2005) model proposed a general nursing education framework that incorporates currently known best practices in education. Teacher, student, and educational factors produce learning outcomes, with simulation design as a study variable that can affect learning outcomes. Student factors in the model have been examined by researchers. Ironside et al. (2009) investigated relationships between student age, grades, and tolerance for ambiguity with patient safety competence. They found no student factors signifi cantly related to safety competence, but the study variable was broadly defi ned as simulated experiences, rather than HFS. Other authors using HFS did fi nd that safety was infl uenced by student factors. Grady et al. (2008) found that HFS enhanced training effectiveness for male students, who showed signifi cantly higher scores in performance and attitudes than female students after high-versus low-fi delity simulation.
Design characteristics in the model have also been studied. Smith and Roehrs (2009) found a strong correlation between objectives as design characteristics and self-confi dence as an outcome but found a weak correlation between type of fi delity and self-confi dence. Furthermore, through regression analysis, the subscale measuring problem solving explained most of the increased self-confi dence. Grant, Moss, Epps, and Watts (2010) used the Jeffries model to examine various debriefi ng measures as a design characteristic. Although variables within the model, such as knowledge, skill, satisfaction, critical thinking, and self-confi dence, have been studied as outcomes of simulation, more testing of the entire model is needed to determine other student and design variables that infl uence those outcomes. Confi dence is not a measure of competence or safe practice. The presence of these other variables in the model has the potential to affect outcomes.
EVALUATION OF EVIDENCE
Jeffries' (2005) framework for simulation served as the model for safety outcomes in the current review. Teacher and student factors and educational practices infl uence the outcomes and the simulation design characteristics. The current review critiques the fi ndings related to the outcome variables identifi ed in the Jeffries model as skill performance, which includes safety competencies. The safety outcomes in this review were related to medication errors; patient identifi cation; hand washing; communication; and knowledge, skills, and attitudes. Sears et al. (2010) reported a randomized control study that examined medication errors. They randomly assigned volunteer students to control or experimental groups, which were matched in medication experience. The experimental group was provided simulated practice early in the term in a realistic simu- lation education laboratory. The control students received early term clinical hours but gave their fi rst medications in a clinical setting at the same time as the experimental group. The groups were assigned at different hospitals, and any differences in the medication systems were acknowledged as a possible bias to the study. A power analysis determined the sample size. The rigor of a posttest-only design can be improved if there is certainty of randomization (Spector, 1981) , but the authors acknowledged that some adjustment to the groups was made, which was another possible bias. Both groups had the clinical experience, but the experimental group used simulation as an adjunct to clinical experiences. The results of the additional practice resulted in fewer student medication errors, demonstrated by both chisquare and the Poisson distribution statistic for skewed data. Although the authors did not address a theoretical model, medication administration represents a safety competence in the outcomes concept of skill performance in the Jeffries model. Henneman et al. (2010) described a retrospective review of simulation scenarios. They found that 100% of students made medication errors that were based on rules of the fi ve rights of medication administration, but the percentage of medication errors compared with other rule-based errors, such as systematic verifi cation of patient identifi cation, was low (14%). All errors were interrupted or corrected during the simulation experience, and the authors propose that simulation practice may improve error prevention and error recovery. Radhakrishnan et al. (2007) randomly assigned volunteer students to an intervention group who received simulation and clinical experiences and a control group who received only clinical experiences. The groups showed no difference in medication errors. This quasi-experimental pilot study had a very small sample (N = 12), and it is possible that simulation had a smaller effect size on medication errors that was not detected (type II error). Sears et al. (2010) tested less experienced nursing students than did Radhakrishnan et al., who tested senior, second-degree students. According to the Jeffries model, student characteristics will infl uence the outcomes.
Medication Errors
TABLE
Studies of Safety Outcomes Defi ned as Personal Behaviors and System Factors
Patient Identifi cation
Error frequencies related to verifying patient identity occurred more than 80% of the time in simulated scenarios reported by Henneman et al. (2010) . Twenty-two percent of students did not identify their patient according to the retrospective evaluation of simulation scenario checklists used by Gantt and Webb-Corbett (2010) . The quasi-experimental pilot study of Radhakrishnan et al. (2007) showed patient identifi cation was the one clinical practice measure that was sensitive to improvement after HPS practice. Grant et al. (2010) used Radhakrishnan's clinical simulation evaluation tool with randomized comparison groups, but they measured group differences in a feedback method (videotaped or oral), rather than effect of simulation on patient identifi cation. Student groups who received videotaped feedback throughout the semester scored higher on the patient safety subscale of patient identifi cation.
Hand Hygiene
Likewise, measures of hand hygiene were counted only 45% of the time in simulated practice checklists used by Gantt and Webb-Corbett (2010) . Thirty-eight percent of their students did not practice adequate hand hygiene. The researchers noted that system factors, such as placement of hygiene stations in the learning laboratory or availability of supervised practice, rather than student factors, possibly affected safety omissions. Radhakrishnan et al. (2007) found no signifi cant differences for the practice of hand hygiene with simulation-enhanced clinical experience and clinical experience-only comparison groups. Hoffmann, O'Donnell, and Kim (2007) also compared simulation-enhanced clinical experience with clinical experience-only but found signifi cant improvement in knowledge about asepsis principles after HFS-enhanced practice. However, they noted that this does not indicate transfer of knowledge into safe practice. Lapkin et al. (2010) reviewed the HFS literature and also found an equivocal effect of the ability to translate knowledge and competence into clinical judgment skills.
Communication
Bambini et al. (2009) used a robust design with mixed methods, but only their qualitative analysis was pertinent to this review. Novice students identifi ed the importance of verbal and nonverbal communication for safe nursing care. Kameg et al. (2010) also showed measures for improved confi dence in communicating with psychiatric patients after HFS. However, these measures of students' feelings and self-confi dence do not provide evidence to support objective effects of simulation. Krautscheid (2008) showed improvement in some communication criteria after focused instruction with both simulated experiences and traditional instruction. The result of the 3-year quality improvement evaluation showed that students improved in their communication, although none of the benchmark criteria were reached. Gordon and Buckley (2009) found that HFS significantly improved confi dence in team communication in a critical care nursing scenario. Repeated measures provided control for the one-group descriptive study, and the sample number was adequate for the four variables tested. However, the measure was perceived confi dence, which is not a true measure of safety. Henneman et al. (2010) reported more than 50% of students made errors related to physician communication in simulated patient scenarios. Radhakrishnan et al. (2007) found no significant differences in communication practices after simulationenhanced clinical practice. The fact that communication is an integral part of all behavior tends to confound the fi ndings that might support a specifi c safe practice. Furthermore, nonsignificant fi ndings may simply refl ect the interrelatedness of communication and behavior, specifi cally safety outcomes behaviors.
Knowledge, Skills, Attitudes
The QSEN project identifi ed a number of knowledge, skills, and attitudes that represent safety competencies. Ironside et al. (2009) described improved competencies over multiple simulation experiences among a heterogeneous sample of senior-level students. Hauber et al. (2010) found that knowledge, measured as course grades, was related to positive patient outcomes (quantitative physiological measures) in a simulated cardiac patient scenario. Knowledge scores on aseptic techniques, measured by a standardized tool, increased on posttests after hospital and simulation clinical experiences (Hoffmann et al., 2007) . Gordon and Buckley (2009) , using paired pretest and posttest data, found that graduate students self-reported higher skill performance (measured as ability and confi dence to perform tasks) after simulation. Grady et al. (2008) found signifi cantly higher performance scores after comparing high-fi delity with low-fi delity simulation using a crossover design. By varying the levels of simulation design and student gender, Grady et al. provided a way to further test the Jeffries model and found nonsignifi cant differences according to gender. Blum, Borglund, and Parcells (2010) compared simulation instruction with traditional laboratory instruction and found no signifi cant differences in competencies measured as clear communication, recognizing deviations, seeking information, and prioritizing data. The group with simulation instruction had a smaller change in midterm and fi nal scores than the group in the traditional laboratory experience, although the change was not signifi cant. However, they acknowledged that student factors (motivation, maturation, and prior education) biased their fi ndings. Similarly, Sullivan et al. (2009) surveyed graduating students and reported that laboratory and simulation venues provided less exposure to safety knowledge than classroom and clinical venues, but Prescott and Garside (2009) found positive learning experiences reported by second-year diploma students after simulation.
DATA ANALYSIS
Data were analyzed by outcomes and coded by scores into a matrix, as recommended by Whittemore and Knafl (2005) . Only the studies measuring safety, with scores of 4 or above, were analyzed in the matrix. Patterns were sought in the data. One overall pattern was class level. Only two studies used samples of fi rst-year nursing students and both measured positive attitudes about communication after simulation (Bambini et al., 2009; Burns, O'Donnell, & Artman, 2010) . Another pattern was studies with nonsignifi cant or nonfavorable fi ndings. Three of four studies with scores of 4 had nonsignifi cant fi ndings. These were studies with fi nal-year students or graduate nurses with the possibility of maturity bias, as suggested by Blum et al. (2010) . The quasi-experimental pilot study of Radhakrishnan et al. (2007) did not fi nd an association between simulationenhanced clinical experiences and most safety performances. Henneman et al. (2010) and Gantt and Webb-Corbett (2010) reported percentages of failed safety procedures after simulation in their retrospective descriptive studies. The exception in the pattern was Hoffmann et al. (2010) , who found signifi cantly higher scores on knowledge after simulation-enhanced instruction, but they did not use a comparison group.
All but one of the studies with comparison groups or repeated measures had signifi cant fi ndings. Scores ranged from 5 to 7. According to Whittmore and Knafl (2005) , confl icting results can be produced by outliers. The outlier in the pattern was the study by Blum et al. (2010) , which used comparison groups of HFS and traditional simulation, pretest-posttest, and reported reliability. They found higher scores in safe communication after a traditional laboratory experience but no significant differences between traditional and simulation-enhanced experiences. Kameg et al. (2010) found greater confi dence in communication skills after HFS, compared with lecture methods. They used comparison groups and a posttest with construct validity and performed a power analysis. Burns et al. (2009) reported improved attitudes about team communication using one group with repeated measures design where simulation was adjunct to lecture. Radhakrishnan et al. (2007) found significantly higher scores on patient identifi cation after simulation as an adjunct to clinical experiences. Sears et al. (2010) also reported signifi cant fi ndings for safe medication administration for students. The larger sample of Sears et al. (2010) provided tentative support for simulation-enhanced clinical experiences to help reduce medication errors with second-year students, but the student factors of age and experience must be controlled for before concluding that HFS contributes to medication safety. Other positive fi ndings were increased knowledge and confidence, rather than safe practice.
Another pattern was inconsistency of fi ndings in communication outcomes. Whittemore and Knafl (2005) advised examining confounders before drawing conclusions, especially when fi ndings are inconsistent. The control method was examined for a confounding infl uence. Blum et al. (2010) did not show signifi cant differences in competent communication using task trainers and student volunteers for the control. Radhaskrishnan et al. (2007) also did not show signifi cant differences in communication with the clinical-only group as the control. Kameg et al. (2010) used lecture methods as control and measured self-effi cacy of communication and found that confi dence in communication improved signifi cantly after HFS. Inconsistencies may result from measurement instruments that assessed self-confi dence in team communication (Gordon & Buckley, 2009 ) and self-effi cacy of communication skills (Kameg et al., 2010) . Lack of construct validity and specifi city in the measurement of perceived communication competence rather than instructor-observed communication may have confounded these fi ndings.
LIMITATIONS
This review was limited to research from 2007 to the present. Evidence presented in the form of posters and presentations were not evaluated in this review because analysis data were not available. Also, search terms restricted to the general terms safety and patient safety may have limited results, as there is little research on safety outcomes in the area of HFS. In some cases, the fi delity of simulation was assumed based on descriptions, such as "realistic simulation." The level of program as a variable in the research was not always clearly defi ned, as some programs begin clinical experiences at different times in the curriculum. Any discrepancies could obscure the infl uence of previous instruction or clinical experience on simulation outcomes. In addition, the bias of publication of positive fi ndings, rather than those in which no differences were found, may have limited the search.
CONCLUSION
Two studies (Radhakrishnan et al., 2007; Sears et al., 2010) provided evidence for effectiveness of HFS on outcomes of safety, measured specifi cally as avoiding medication errors and patient identifi cation. Both studies compared the effect of HFSenhanced clinical experiences. The effect on communication is inconsistent. Jeffries' (2005) model cannot be fully supported until some of the design characteristics are varied and samples are less homogeneous. Objectives such as a variable of the simulation design have been shown to account for more than one third of the variance in the outcome of student satisfaction (Smith & Roehrs, 2009) . Similar studies are needed to explain the characteristics of simulation design that may affect safety as skill performance. Homogeneous samples may obscure fi ndings if variations in the level of student characteristics, as the Jeffries model suggests, predict outcomes. Varying the level of student characteristics, as did Grady et al. (2008) with gender, is needed to avoid the bias from a homogeneous sample of students and to look for variables that may moderate the effect of simulation on safety outcomes. Taking into consideration the differences within variables can clarify nonsignifi cant fi ndings (Bennett, 2000) . However, given the state of current research on simulation and safety outcomes, no predictions can be made without causal models to test. Further research on safety outcomes should have comparison groups and be guided by simulation models. Applying a simulation model or theory to research will advance nursing science by enhancing understanding of what is involved but also how and why simulation improves student learning outcomes. Note. BSN = Bachelor of Science in Nursing; GPA = grade point average; NLN = National League for Nursing; HFS = high-fidelity simulation.
